It is a commonly quoted statistic that up to 80% of information is spatially referenced in some way. Yet the spatial aspect of much of that information is unusable due to its latent semantics and wide range of largely incompatible data formats. The semantics are the meaning of the geographic information, such as the type of information it is, what real world things it represents (e.g. buildings, land cover, rivers, etc), and what the spatial relationships and characteristics of those things are (e.g. that one building is north of or adjacent to another).
Theme Topic and Brief Description.
It is a commonly quoted statistic that up to 80% of information is spatially referenced in some way. Yet the spatial aspect of much of that information is unusable due to its latent semantics and wide range of largely incompatible data formats. The semantics are the meaning of the geographic information, such as the type of information it is, what real world things it represents (e.g. buildings, land cover, rivers, etc), and what the spatial relationships and characteristics of those things are (e.g. that one building is north of or adjacent to another).
Broadly, the topic of this theme is to express the semantics of geographic features and their spatial relationships in order to automate geographic information processes. Formalising and expressing the semantics of geographic information is critical for doing large scale scientific computing that crosses disciplines which involve geographically dispersed resources, expertise and knowledge. Consider, for example, an emergency response to a border-crossing hazard such as a nuclear power plant disaster. Such a scenario would require the harmonisation of data from different countries, expertise from across the globe and distributed computing resources to model the pollution plume and support decision making. Another example is the development of ever larger and more complex global climate models, which increasingly involve spatial data sets sourced from a range of public and private institutions in an array of different formats, model components from numerous research groups, and distributed knowledge from research partners across the globe. Essentially, expressing spatial semantics is key to furthering collaborative eScience and GRID environments which involve geographic information.
Currently, discovering, processing, analysing and visualising geographic data requires experts that understand the meaning of that data and can intelligently accomplish these tasks. For example, integrating remotely sensed imagery and GIS (Geographic Information System) landcover data for decision supporting workflows requires experts to understand and manually reformat and analyse the data. Expressing the semantics of geographic data in computable form will enhance data and knowledge discovery, improve integration of different types of spatial information, support data harmonisation, automate procedures for processing, analysing and visualising geographic information and ultimately facilitate decision making for eScience. The array of applications of this research is incredibly broad as geographic information is ubiquitous in many aspects of our current information society. Specifically we have three focussed projects to develop and test this research, namely case studies in modelling interoperability, data and resource integration and data harmonisation, as is discussed below. While we recognise the topic is very large, we aim to focus through the progression of the theme and following the recognition of specific research challenges that emerge.
Outline of Theme Proposal: Spatial Semantics for Automating Geographic
Information (GI) Processes
Proposed leader(s) with brief description of their areas of specialisation.
Werner Kuhn and Femke Reitsma will co-lead the theme, both providing 3 months of FTE effort each. Femke will be in Edinburgh for the duration and will commit time fairly evenly spread throughout the year, where Werner will put input into the project in more focussed lumps of time. Alia will be responsible for developing and running one of the use cases proposed, in collaboration with the Welsh e-science centre. She will be involved in the development of the theme activities and in writing research reports and joint research proposals. Alia will spend a total of 6 weeks in Edinburgh, split in periods to coincide with involvement in the proposed activities. Survey, will complement the theme agenda and will form a foundation for some of the following workshops and research that will be developed under this theme.
SPIRIT (Spatially-Aware Information Retrieval on the Internet) 1 is a research project that designed and implemented a search engine to find documents and datasets on the web relating to places or regions referred to in a query, and was funded through the EC Fifth Framework Programme. As part of the theme, Alia Abdelmoty, who was a Co-I of the SPIRIT project, will provide invaluable expertise and research upon which the theme will build. Through our collaborators and use cases (as described below), we also have links to many other relevant groups and projects such as MOTIIVE, INSPIRE, GMES, OGC, GEON, W3C and OGF. These links will provide avenues for the dissemination and uptake of the results of this theme. This proposal also stands within the context of the OGF/OGC liaison via EDINA, where geo elements within the UK e-Infrastructure are being developed using best practice and the Grid OGC Collision projects (e.g. SAW-GEO), as well as the GEON project, for which Werner Kuhn participated in the GEON kick-off meeting in San Diego.
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. Identify a focus that will ensure the effort is most likely to be productive i.e. a specific test application domain/current unsolved research challenge.
Three use cases will be researched in order to develop the theme and practically demonstrate its utility.
Data and Resources Integration
One of the significant and perhaps common challenges facing e-science application domains is the need to interoperate over diverse sets of legacy databases and applications and to make sense of a mass of diverse, incomplete and often incompatible data. The problem is exemplified in the BDWorld project that aims to build a GRID to support scientific biodiversity-related research.
Outline of Theme Proposal: Spatial Semantics for Automating Geographic Information (GI) Processes
The limited geographic scope of the majority of specimen locality data sources necessitates the collation of data from multiple sources. This creates issues associated with taxonomy (how to ensure all specimens of a particular species concept are retrieved). Ontologies are proposed as tools for mediating the differences in vocabularies and terminologies. The majority of such data and resources are geographically referenced in some form. This suggests the utilisation of geographical location information as key for mapping and discovery in this domain.
In collaboration with the BDWorld project team in Cardiff and the Welsh e-Science centre, we aim to study the design of base geo-ontologies and associated geosemantics that can complement the developed frameworks and support the effective resource discovery and integration on this GRID.
Modelling Interoperability
Earth system science deals with complex systems that pose many significant geographic information challenges. As depicted in the classic Bretherton diagram of biospheric cycles (Figure 1 ), modeling the earth system involves numerous interacting components, each of which can be further dissected into sub-components that are studied by specialists in a wide range of disciplines. All of these components require geographic information as input and generate it as output. From this description, problems of data, model and model simulator interoperability are clearly evident . There exists a wide diversity of modeling approaches, such as models based on differential equations or stochastic methods. Furthermore, in terms of simulator interoperability, there are a wide range programming languages and software in which models are developed. For example, it is difficult to automate the interoperability of a FORTRAN model of thermohaline circulation with an ice sheet model in C++ if the equations, variables, scale, or geographic extent described in one do not match those of the other. These problems largely derive from a common lack of explicit semantics in representing models, spatial data, and scientific knowledge in general (Mackay, 1999) . In order to develop the potential of e-Science for modeling physical systems we need to express and utilize those semantics.
Outline of Theme Proposal: Spatial Semantics for Automating Geographic Information (GI) Processes
This use case will involve the development of an appropriate framework for representing model components and their interoperability. Building on this theory we will aim to create a small prototype in or to test and further develop the theory with the re-expression of a very simple model that represents some small part of the global climate (i.e. one composed of but a few simple interacting processes) such that the model, the GeoScience knowledge, and the spatial data as input all exploit the potential of the semantic information currently latent in their description. This will allow us to utilise the semantics to automate the geographic information processes involved in modelling the climate. A specific model will be identified within the first month of the theme in consultation with Dr.Matt Williams who has expertise in climate modelling and is a collaborator on the project, however, currently JULESJoint UK Land Environment Simulator 3 (submodel of future improved Hadley Centre model HadGEM2) and the MITgcm 4 model are being considered.
Data Harmonisation
This theme will also exploit as a use case, work taking place in relation to the INSPIRE initiative examining the cost benefits of achieving data harmonisation using open interoperability standards (principally OGC and ISO TC211). In collaboration with EDINA, we will examine the utilisation of geographic data semantics to support automation of harmonising land-sea data. This work will build on the outputs from the multi partner EU funded INSPIRE Pilot Projects, particularly MOTIIVE (Marine Overlays on Topography for Annex II Visualisation and Exploitation) 5 as EDINA are the partner in this project responsible for deploying the framework demonstrating data harmonisation in practice. The latter is being achieved using extensions to key standards which will allow Feature Type Catalogues to be hosted and queried within OGC registries.
Please list any people who have agreed to actively collaborate.
Core people that are likely to be funded as visitors and will form the core of research partners: (2006) in analysing an OGC standard for observations and measurements (O&M) has revealed semantic inconsistencies due to the lack of formal semantics, making it difficult for those implementing these standards to automate the interoperation of services within an e-Science framework.
Issues surrounding spatial data compound these problems. Spatial data form one of the primary inputs for models, and as with all other types of data, its volume continues to grow at an explosive rate (Lu et al. 2003 ). Yet there is a worldwide trend of declining use, management, and content of national clearinghouses for spatial data, due to a dissatisfaction of the spatial data community with the functional capability of these portals providing spatial data (Crompvoets et al. 2004 ). These functional limitations largely revolve around difficulties in data discovery due to the lack of semantic representation.
A global spatial data infrastructure (GSDI's) that integrates national spatial data infrastructures (NSDI) is often proposed as a solution, however it supports a limited range of data types and as a standard is far from being realised. Furthermore, the tools that utilise this spatial data, such as GIS and traditional GI tools are limited to specific data formats and structures. Beyond the need for advances in functionality for geoportals, enhancements can be made for automating spatial data retrieval and use by utilising its semantic content. Adding geospatial semantics to the Grid, provides researchers with access to large distributed datasets and distributed processing, where information is "understood" by the machine such that processes can be automated.
Outline of Theme Proposal: Spatial Semantics for Automating Geographic Information (GI) Processes
More recently Spatially-Aware Information Retrieval on the Internet (SPIRIT) 8 aims at designing and implementing a search engine for finding documents and datasets on the web relating to places or regions referred to in a query (Jones et al. 2002) . The novelty of this theme is that it extends beyond the representation of the semantics found in the metadata to that in the data itself (Kuhn 2003, Hirimatsu and , moving beyond a semantic geospatial web for spatial query to one which supports e-Science using geographic information (c.f. Egenhofer 2002). Furthermore, in order to do e-Science parts of geospatial information need to receive semantic specifications in order to solve problems of interoperability in geographic information services, as well as defining the semantics of geo-services ( .
As mentioned in the introduction, the volume and ubiquity of geographic information is huge, and yet without an expression of its geographic semantics its use for eScience is hampered. Without geographic information semantics we require expert intervention at many steps of data processing, analysis and use, rather than the automation of these processes. Unfortunately the dominant languages for representing geographic information and its semantics (e.g. GML and OWL) is limited in its representation and reasoning potential (Abdelmoty et al. 2005) . Formalising, expressing and utilising the semantics of geographic information are critical for e-Science to progress in its use of geographic information.
9.
What are the plausible outcomes (deliverables) from the theme? Journal papers, books, reports? Will they be entirely theoretical, or will there be some experiments and/or software produced?
• Workshops to develop the theme and disseminate findings, involving: Workshop sessions that generally inform and develop the theme for a wider audience Specialist presentations and lectures • Journal papers to disseminate findings • A proposal for at least one follow-on research project • A website describing the theme and populated with relevant material • Demonstrating software and architectures provided on the web for use and further development. For example: Demonstration of spatial reasoning techniques for the derivation of some implicit semantics in geo-ontologies.
• A set of reports, including one describing the main findings of the theme case study, and another discussing the new key future research challenges and summarising the results of the theme • Co-hosting of 1 week summer school on the Geospatial Semantic Web for PhD and postdoctoral students, supporting knowledge transfer and the dissemination of findings • A workshop following the summer school will be held in order that students may build upon their knowledge gained at the summer school and develop research to support the other theme deliverables of the project (e.g. journal papers and reports).
Sketch of the kind of events (focus/scope) proposed and who would participate. Outline of Theme Proposal: Spatial Semantics for Automating Geographic Information (GI) Processes
We will host a number of workshops covering topics that may include: spatial/geosemantics, geoontologies, geo dimension of e-Science, geoservices, interoperability, geo-semantic discovery, SDIs.
Participants will include researchers from the GeoSciences and Informatics, as well as those from industry (e.g. OGC). The primary participants to be included are listed above in point 6.
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. What difference will be generated by running the theme for 6 or 12 months?
The theme involves bringing together a range of research areas and we expect that a 12 month period would allow us to make significant progress in the proposed research and support the development of follow-on research proposals. This could not be achieved within 6 months.
12.
Is the topic of the theme so specific that it can really all be "tied up" in 6 or 12 months time, or should there be some follow-on? If so how might the followon be funded? (e.g. some of the people that have been active in the theme might make a proposal to EPSRC).
The theme is broad enough in scope that there will be many avenues for follow-on research, however 12 months should prove enough time to make significant progress on the theme. We will develop a proposal to a research council extending the work conducted in the theme.
Are there opportunities for co-funding from other sources?
The National Institute for Environmental eScience, as discussed with the director Martin Dove, has agreed to fund a workshop as part of the theme. We are currently still in discussion with Keith Haines, who directs the Reading e-Science Centre, about possible co-funding. If the proposal succeeds, we will also propose to the CCLRC eScience Centre for extra funding via Andrew Wolf, a collaborator on the theme.
Please provide a high level project plan with milestones and the resources being applied for.
The first month will be used in planning the theme, organising advertising materials for the theme and workshops, setting up communication channels, identifying visitors and developing the website. Femke Reitsma (co-theme leader) will be in Edinburgh for the duration of the project and Werner Kuhn (co-theme leader) will be present in Edinburgh for two periods of time: approximately 5 weeks from early May to mid June and 4 weeks in July. Werner may also be able to visit for a short period in March or April. Theme visitors will include Alia Abdelmoty and other key persons indicated in the list of collaborators in section 6 above.
We will run three workshops, spread throughout the year. The first two workshops will cover existing cutting edge research in the development and application of spatial semantics for automating geographic information processes. The topics of these two
Outline of Theme Proposal: Spatial Semantics for Automating Geographic Information (GI) Processes
workshops will be defined in the first month of the theme, as developments in this field are moving too quickly to predict a relevant specific topic for 2007. The final workshop will be developed in response to the first two workshops, aiming to present the research investigated by the theme and look towards the future in proposing prospective research agendas and developing collaborative research proposals to be submitted to NERC or EPSRC. We aim to send out the call for participation for the first two workshops within the first month to allow as much lead time as possible and maximise the ability of participants to attend. The call for the final workshop will be sent after the second workshop, gauging from the first two workshops some of the future research topics and areas of collaborative research development that will form part of the content of this final workshop.
We will co-host the annual Vespucci Institute summer school in Florence, Italy from 10-15 th of June 2007 9 , an annual summer institute in geographic information science that has the Geospatial Semantic Web as its theme for 2007. Werner Kuhn (Co-TL) is co-organising this summer school and will utilise the results of the research undertaken in this theme and the content of the workshops as material for introducing the next generation of researchers in geographic information science to this field of work. Co-hosting with the Vespucci Institute has the advantage of engaging with an established school with strong connections to industry and government institutions, where the brightest minds can engage in and test the research of the theme in a critical context. The use cases developed in the theme will be part of its practical components and selected theme leaders/participants will be asked to co-teach.
We will also run a workshop following the summer school for those students from the school that are actively engaged in relevant research. This will feed knowledge back into the theme and the UK eScience community, where the students will actively engage with the theme through research.
One of the co-theme leaders will aim to attend a workshop as part of the GEON project 10 in the U.S., the UK e-Science All Hands Meeting 2007 and other relevant meetings such as the Conference on Spatial Information Theory (COSIT'07) in September 2007, and the workshop on the Grid OGC Collision projects to be held at OGF20 in Manchester, 7-11 May 2007. Depending on progress and results, we aim to present results of the project at one of these meetings. The details of these visits and conferences will be finalised during the planning phase of the theme in the first month.
In research, we aim to develop the theory and implementation architecture for expressing the semantics of spatial metadata and data. As an applied focus we aim to use an existing climate model to test the expression and use of the semantics of spatial metadata and data for automating modelling processes and the input of appropriate spatial input data. A prototype will be developed that tests the theory and methodology developed in the theme using an exiting climate mode, which we expect to be completed by the end of October for the final workshop. The results of the methodology and prototype development will be submitted for journal publication and to relevant conferences.
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Below is Gantt diagram that presents a model timeline of activity. This proposed timeline is an idealisation and will change in response to conference timings, opportunities that may arise and any problems that may surface.
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Budget and Justification of Resources
The budget is provided in the table below. We request 0.25 salary costs for the theme leaders, Werner Kuhn and Femke Reitsma, as well as travel and accommodation compensation for Werner Kuhn, who aims to be resident in Edinburgh for 3 months. Funds are also requested for theme investigators for conference/workshop registration, travel, and accommodation in order to effectively disseminate and promote the findings of the theme. We aim for on person of the investigator team to attend on conference each, the details of which will be identified once the theme is underway. Costs for the two workshops include advertising, a budget for supporting key visitors to present at the workshops and the costs for workshop infrastructure (the third workshop will be funded by NIEeS). Support for the PhD and postdoctoral students to attend the Vespucci Institute Summer School and a follow on workshop at NeSC in Edinburgh is requested, where they will learn about the findings and developments of this theme and develop this area of research further as part of the workshop. Furthermore, we aim to support two postgraduate students in short term research projects in order to develop and implement the research undertaken in the theme. 
Present Position

Certified Courses
• MIT Summer Course on Abstraction and Specification in Program Design, by John Guttag and Barbara Liskov (June 1985).
• Law, journalism, and language courses at the University of Zurich (1978 to 1979).
• Certificat de Langue et Culture Françaises, Association Française, Avignon (1980).
Awards
• Education Award, University of Münster (2004). 
Professional Society Memberships
• Association for Computing Machinery, ACM (1982 to present).
• Gesellschaft für Informatik, GI (German Association for Computer Science; 1982 to present).
• Institute of Electrical and Electronics Engineers, IEEE, Computer Society (1989 to 1999).
• Österreichische Computer Gesellschaft (Austrian Computer Society; 1992 to 1996).
• American Congress on Surveying and Mapping, ACSM (1989 ACSM ( -1992 .
R E S E A R C H Current Research Program
My research centers on the question how the meaning of geoinformation is mapped from one context to another. Typical contexts are human activities, professional disciplines, and technical systems. Contexts are represented in human minds, data models, user interfaces, business models, laws and regulations. I pursue this question in the practical settings of
• information system interoperability • information integration • user interface design • electronic commerce. My research group, the Muenster Semantic Interoperability Laboratory (MUSIL, http://musil.uni-muenster.de) concentrates on establishing and implementing the notion of Semantic Reference Systems for the production and use of geoinformation. We integrate methods from the geosciences, computing sciences, cognitive sciences, and category theory.
Past Research
• GI Semantics: Semantic data models, semantics in data transfers, meta data, semantic interoperability, mappings between data models, feature-attribute catalogues, formal ontologies, semantic translation.
• GIS Interoperability: system architectures, interface specifications, international standards harmonization (ISO, OGC, CEN), reference model design, service chaining, data integration, location-based services, mobile data collection, economically viable production of geoinformation.
• GIS User Interfaces: usability engineering, usability testing, conceptual modeling, formalization of metaphors, 3d interaction techniques, semantics of interface operations, interactive visualization; application domains: geophysics, landscape ecology, landscape planning, urban planning, transportation and logistics.
• Software Engineering: algebraic specifications, interface specification languages, objectoriented design and programming, functional abstraction.
Research Grants Acquired in the Past 5 Years (figures indicate IfGI funding only)
• 
T E A C H I N G Teaching Approach
My teaching centers around information modeling for geospatial information, applying methods from • object-oriented design and programming
• usability engineering and testing
• interoperability standards
• cartography and information visualization
• business process reengineering.
To maximize the lifespan of student knowledge and skills, my courses • emphasize methods
• use tools as vehicles for demonstrating methods
• keep close ties with research in multiple disciplines
• demonstrate problems and solutions through real-world case studies
• use internationally recognized text books and publications.
Courses Taught (most of them in English and German)
• Reference Systems for Geospatial Information (2003 to present)
• Object-oriented modeling of geoinformation (1991 to present)
• Software Engineering (1994 to 1997)
• The Role of Ontologies in GIS (1999)
• Digital Cartography (1996 to present)
• GIS Project Seminar (2001 and 2002)
• Multimedia GIS (1997)
• GIS for Citizens (1997)
• Geoinformation Sources (1996 to 1999)
• GIS User Interfaces (1995)
• Spatialization in User Interfaces (1996)
• Temporal Data in GIS (1995)
• Research Methodology (1990, 1997 to present)
• Geometry and Computer Graphics (1989 to 1991)
• Adjustment Computations and Parameter Estimation (1984 to 1985)
• Geodesy (1984 to 1985)
• Field Surveying (1982 to 1984)
• Physics for Chemistry Professionals (1979 to 1980)
• Various post-graduate courses on GIS for practitioners (1992 to present)
